Au/PDMS membranes are widely used to fabricate strain sensors which can detect input signals. An interfacial adhesion between metal films and polydimethylsiloxane (PDMS) substrates is one of the important factors determining the performance of strain sensors, in terms of robustness, reliability, and sensitivity. Here, we fabricate Au/PDMS membranes with (3-mercaptopropyl) trimethoxysilane (MPTMS) treatment. PDMS membranes were fabricated by spin-coating and the thickness was controlled by varying the spin rates. Au electrodes were deposited on the PDMS membrane by metal sputtering and the thickness was controlled by varying sputtering time. Owing to the MPTMS treatment, the interfacial adhesion between the Au electrode and the PDMS membrane was strengthened and the membrane was highly transparent. The Au electrode, fabricated with a sputtering time of 50 s, had the highest gauge factor at a maximum strain of ~0.7%, and the Au electrode fabricated with a sputtering time of 60 s had the maximum strain range among sputtering times of 50, 60, and 120 s. Our technique of using Au/PDMS with MPTMS treatment could be applied to the fabrication of strain sensors.
INTRODUCTION
Recently, the development of flexible strain sensors has received a lot of attention and various strain sensors with high sensitivity have been developed. These electrically conductive sensors capable of bending and stretching are used for flexible displays [1] [2] [3] , field-effect transistors [4, 5] , energy-related devices [6, 7] , smart clothing [8] , and actuators [9] [10] [11] . However, the development of mechanosensors having ultra-high mechanosensitivity, flexibility, and durability still remains a challenge.
In previous studies, cracks in conducting materials were regarded as traits of failure for electrical interconnections and their potential for application in strain sensing was neglected. However, in the nature world, spiders have crack-shaped slit organs which are extremely sensitive to surrounding vibrations [12] . Recently, several studies showed that micro [13, 14] However, a molecular adhesive of (3-mercaptopropyl) trimethoxysilane (MPTMS), as a self-assembled monolayer (SAM) can avoid the problems caused by using metallic interlayers. However, until now, no study has tried to exploit the electromechanical characteristics of MPTMS treated Au/PDMS membranes for use as a strain sensor.
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EXPERIMENTAL

Chemicals
The following chemicals were used in this paper: All chemicals were used without further purification.
Fabrication of Au/PDMS membrane
Manufacturing of the stretchable Au/PDMS membrane was carried out in 5 steps (Fig. 1) . The fabrication process included hydrophobic treatment, PDMS formation, MPTMS treatment, Au sputtering, and peeling off the PDMS, as follows:
(1) A Si substrate was cleaned in acetone, rinsed in isopropanol, distilled (DI) water and dried with N 2 gas. To give the Si surface hydrophobic characteristics, the Si substrate was coated with a 2% PTFE solution diluted in FC-75. The PTFE solution was spincoated on the Si substrate for 50 s at a spin rate of 750 rpm and soft baked at 100°C for 10 min. Then, the substrate was fully dried for 1 day at room temperature.
(2) PDMS was prepared by mixing base silicone gel with a curing agent in a 10:1 ratio (by weight). The mixture of PDMS base/curing agent was poured on the Si substrate and spun at speeds between 400 and 700 rpm for 50 s to achieve the desired thickness. 
Thickness measurement and failure strain test of pure PDMS membrane
The PDMS membrane was fabricated by a spin-coating process and the membrane thickness was controlled by varying the spin rate between 400 and 700 rpm. The thickness of the fabricated PDMS membrane was measured with Vernier calipers, and the failure strain was measured by extending the PDMS membrane.
The failure strain was calculated by the following equation (1).
The final length was the length of the PDMS membrane when the membrane failed during extension. PTFE solution spread on a Si substrate using spin coating, (b) PDMS solution spread on the substrate using spin coating, (c) MPTMS deposited on the PDMS surface by vacuum deposition, (d) Au deposited on the substrate using sputtering, (e) The fabricated flexible strain sensor peeled off from the substrate.
